A 50-year-old man with a past medical history of diabetes mellitus, hypertension, and Zollinger-Ellison syndrome came to the emergency department (ED) with a history of increasing vomiting and diarrhea for 1 week and poor oral intake for a few days. He described generalized weakness and lethargy the day before presentation. During the initial ED evaluation, he suddenly had an episode of ventricular tachycardia treated with a single synchronized cardioversion followed by an amiodarone drip. His initial laboratory investigation revealed marked hypokalemia (potassium 2.0 mEq/L), hyponatremia (sodium 122 mEq/L), hypochloremia (59 mEq/L), and elevated serum bicarbonate (46 mEq/L). The BUN was 8 mg/dL, creatinine was 0.9 mg/dL, and glucose was >600 mg/dL. Arterial blood gases revealed a pH of 7.6, pO 2 100 mm Hg, pCO 2 59 mm Hg, and calculated bicarbonate 60 mEq/L. Serum calcium was 8.1 mg/dL, magnesium 1.6 mg/dL, phosphate 1.3 mg/dL, and albumin 2.7 g/L.
What Are the Common Situations in Which Baking Soda Toxicity Is Seen?
The most common case reports of baking soda toxicity involve its excessive use as an antacid [3] [4] [5] . Baking soda has been suggested as a safe replacement for sodium bicarbonate in the management of chronic metabolic acidosis [6] ; however, there are case reports of morbidity when baking soda was used for this purpose [7] . Surprisingly, there is one case report of systemic toxicity resulting from topical application of baking soda as a treatment for diaper rash [8] .
What Are the Electrolyte and Acid-Base Abnormalities Seen with Baking Soda Overdose?
Alkalosis Metabolic alkalosis due to excessive intake of bicarbonate is not usually seen because the kidney responds to a high bicarbonate load by increasing bicarbonate excretion. However, when bicarbonate excretion is impaired, it may accumulate and result in alkalosis [9] [10] [11] . The kidney responds initially to an abnormal bicarbonate load by inducing a bicarbonate diuresis in which there will be loss of sodium, chloride, potassium, and volume. The reduction in volume can decrease the glomerular filtration rate, which will further decrease the filtered load of bicarbonate [9] . Hypokalemia and hypochloremia also contribute to bicarbonate retention [3, 12] .
Hypokalemia It is the most common serious complication of sodium bicarbonate intoxication and it may also worsen the alkalosis. Alkalosis causes an intracellular shift of potassium [13, 14] . Excessive urinary excretion of bicarbonate takes sodium along with it, followed by potassium as sodium is depleted [15] . With depletion of sodium and then potassium, hydrogen ions are increasingly excreted as the cation accompanying bicarbonate. This worsens systemic alkalosis while paradoxically acidifying the urine [16] . Once sustained hypokalemia occurs, it can directly induce metabolic alkalosis by stimulating proximal renal H + ion excretion and net bicarbonate reabsorption [17] .
Hypochloremia It is the one of the most common electrolyte abnormalities seen with alkalosis, yet its central role is often underrecognized [4] . The loss of gastric fluid, which contains 60 to 140 mM HCl, is the most common reason for chloride loss. In the Zollinger-Ellison syndrome or pyloric stenosis, these losses may be massive. Once hypochloremia occurs, it can worsen the alkalosis by the following mechanism: bicarbonate-secreting (type B) intercalated cells in the distal collecting ducts express pendrin on their luminal membranes. This protein normally transports bicarbonate into the luminal fluid in exchange for chloride. If there is insufficient chloride in the luminal fluid (e.g., chloride depletion alkalosis), this exchanger will not be able to excrete the bicarbonate [18] . Studies in rats show that correction of the hypochloremia can correct the alkalosis even without correcting the volume and sodium depletion [18] , although this is moot in clinical practice because saline (containing both sodium and chloride ions) is commonly used in resuscitation fluids.
Hypocalcemia It occurs because alkalosis causes a decrease in ionized calcium by changing protein-calcium binding, and can result in tetany and cardiac dysrhythmias [7, 19] .
Hypernatremia Hypernatremia from the sodium load in sodium bicarbonate is a common finding and can cause CNS manifestations including irritability, restlessness, lethargy, and seizures [20] [21] [22] . Our patient had hyponatremia, a portion of which might be explained by "pseudohyponatremia" owing to his severe hyperglycemia (glucose >600 mg/dL), as well as chronic GI losses, ADH secretion in response to hypovolemia, and possibly diuretic use.
Can a Urinary Sodium Level Be Used in Patients with Alkalosis to Determine the Volume Status?
Measurement of the urine sodium concentration is used in many conditions to support the diagnosis of volume depletion, with urine levels <20 mmol/L suggesting hypovolemia [15, 23] . However, volume depletion in patients with metabolic alkalosis may not be associated with low urine sodium levels because bicarbonate gets excreted largely as the sodium salt, resulting in an inappropriately high urine sodium level. Urine chloride is a more accurate measure of volume status in patients with metabolic alkalosis because the urine chloride concentration will be low, reflecting both the true volume status and the associated hypochloremia [18] .
What Are the Respiratory, Cardiac, and Neurological Effects of Excessive Use of Baking Soda?
Respiratory Effects Hypercapnia is a well-documented complication of severe metabolic alkalosis, with apnea being reported in children [20, 24] . Compensatory hypoventilation is a well-known physiological response to metabolic alkalosis but is commonly thought to be limited by the development of hypoxia [24] [25] [26] . However, alkalosis has been shown to reduce the sensitivity of peripheral chemoreceptors to hypoxia [25] . This may explain why severe hypercapnia can be seen in patients with significant metabolic alkalosis, despite the presence of marked hypoxia.
Cardiac Effects Metabolic alkalosis can cause a decrease in myocardial contractility due to a blunted response to epinephrine [27] . Also, electrolyte disturbances such as hypokalemia and hypocalcemia can cause QT interval prolongation and ventricular arrhythmias, with hypokalemia-induced ventricular tachycardia reported in patients with baking soda intoxication [3, 12] .
Neurological Effects Neurological effects including paresthesias, muscle twitching, tetany, and myoclonus have been reported and are probably due to hypocalcemia [7, 12, 19] .
Are There Any Other Special Populations That May Be Adversely Affected by Use of Excessive Amounts of Baking Soda?
There are case reports of significant morbidity and mortality from heavy baking soda use in alcoholic patients [3, 28, 29] . Many alcoholics have chronic dyspepsia and may overuse over-the-counter antacids including baking soda [3] . Also, alcoholic patients are at greater risk of volume depletion either due to poor intake or excess loss from vomiting, leading to frequent ED visits and hospitalizations for intravenous hydration and correction of electrolyte disturbances [4] . Hypertension, rhabdomyolysis, and renal failure requiring dialysis were reported in an alcoholic patient with longterm abuse of baking soda [29] .
Pregnant patients with pica leading to repeated ingestion of baking soda have presented with signs and symptoms mimicking preeclampsia [30, 31] . Rhabdomyolysis has been reported in pregnancy as well [31] .
Patients taking diuretics should be advised against use of baking soda, not only because of the sodium load but also because of the risk of hypokalemia [3, 15] .
Are There Any Warnings or Safety Instructions on Baking Soda Products?
The following are the exact instructions for oral use of one of the most popular baking soda products (Arm and Hammer®; Church and Dwight, Princeton NJ) as found on the side of the package:
"Add one half teaspoon to one half glass (4 fl. oz.) of water every 2 h, or as directed by physician. Dissolve completely in water. Accurately measure one half teaspoon. Do not take more than the following amounts in 24 h: seven one half teaspoons or three one half teaspoons if you are over 60 years" [1] .
The package also warns against use of the maximum dose for more than 2 weeks and recommends the user to ask a doctor before using if the patient is on a sodium restricted diet or taking other medications. After December 1990, the printed instructions were also modified to advise against administering the product to children under age 5 years because of reported seizure and respiratory depression in children [20, 24] . The seizure occurred in a 6-weekold baby who had being receiving "a pinch" of baking soda in water from his mother to help the infant burp [20] . The package also warns the user not to take the product when the stomach is overly full from food or drink. This warning was added at the request of the US Food and Drug Administration because of multiple case reports of spontaneous gastric rupture due to production of large volumes of carbon dioxide on neutralization of stomach acid by the ingested bicarbonate; this potentially lethal effect was also demonstrated in cadaver studies [32, 33] .
Case Conclusion
In the ED, the patient was given 2 L of intravenous normal saline and was started on intravenous potassium chloride replacement. He was also started on insulin using a sliding scale regimen. He was admitted to the intensive care unit. He had no more cardiac events. His electrolytes normalized over the course of 3 days. He was discharged home on day 6 with advice to stop using baking soda and to restart his proton pump inhibitors.
